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DIMMING MODULE AND SOLID STATE
LIGHTING DEVICE

RELATED APPLICATIONS

This application claims prionity to Taiwan Application
Sertal Number 105103318, filed Feb. 2, 2016, which 1s
herein incorporated by reference.

BACKGROUND

Techmical Field

The present disclosure relates to a dimming module and
a solid state lighting device, particularly, to the dimming
module and the solid state lighting device with adjustable
color temperature.

Description of Related Art

In recent times, due to the advantages of light-emitting
diodes, such as high efliciency, and energy saving abilities,
light-emitting diodes (LEDs) have replaced traditional light-
ing sources in many applications and have become an
important area of research.

However, when dimming the brightness and the color
temperature of the existing solid state lighting device using
LEDs, two or more sets of phase-cut dimmer are required to
control the brightness and the color temperature separately.
In addition, the problems such as instability and/or unde-
sired flickering occur when traditional phase-cut dimmers
are used to provide the dimming control of the LEDs.
Accordingly, ways 1 which to simplity the adjustment of
the brightness and the color temperature for solid state light
source devices and to improve the stability of the dimming
control are important research 1ssues and urgent objects 1n
the relevant field.

SUMMARY

An aspect of the present disclosure 1s a dimming module.
The dimming module includes a rectifying circuit, a first
driving circuit, and a processing circuit. The rectifying
circuit 1s configured to convert an AC voltage to a rectified
voltage. The first driving circuit 1s configured to receive the
rectified voltage to provide a first current to drive a first
lighting module. The first driving circuit includes a first
switch, which 1s configured to be on or off according to a
first control voltage signal selectively to control the first
current. The processing circuit 1s configured to receive a
dimming command and adjust the first control voltage signal
according to the dimming command. The first control volt-
age signal 1s configured to control a phase delay angle of the
first current and a duty cycle of the first current.

Another aspect of the present disclosure 1s a solid state
lighting device. The solid state lighting device includes a
first lighting module, a second lighting module, a first
driving circuit, a second driving circuit and a processing
circuit. The first lighting module includes a first color
temperature. The second lighting module includes a second
color temperature different from the first color temperature.
The first driving circuit 1s configured to provide a {irst
current to drive the first lighting module according to a first
control voltage signal. The first current 1s configured to
control a first luminosity of the first lighting module. The
second driving circuit 1s configured to provide a second
current to drive the second lighting module according to a
second control voltage signal. The second current 1s con-
figured to control a second luminosity of the second lighting
module. The processing circuit 1s configured to receive a
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dimming command and adjust the first control voltage signal
and the second control voltage signal according to the
dimming command. When the first luminosity and the
second luminosity are configured to be larger than a critical
luminosity value, the first control voltage signal and the
second control voltage signal are configured to control a
phase delay angle of the first current and of the second
current respectively to adjust the first luminosity and the
second luminosity.

It 1s to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the following detailed description of the embodiments, with
reference made to the accompanying drawings as follows:

FIG. 1 1s a schematic diagram illustrating a solid state
lighting device according to some embodiments of the
present disclosure.

FIG. 2 1s a schematic diagram 1llustrating the solid state
lighting device according to some embodiments of the
present disclosure.

FIGS. 3A-3D are waveform diagrams illustrating the
relationship of the current and the control voltage signal
according to some embodiments of the present disclosure.

FIGS. 4A-4C are wavelorm diagrams illustrating the
current according to some embodiments of the present
disclosure.

FIGS. SA-5C are wavelorm diagrams
current according to some embodiments
disclosure.

FIGS. 6A-6C are waveform diagrams

current according to some embodiments
disclosure.

illustrating the
of the present

illustrating the
of the present

DETAILED DESCRIPTION

Retference will now be made in detail to embodiments of
the present disclosure, examples of which are described
herein and 1llustrated in the accompanying drawings. While
the disclosure will be described in conjunction with embodi-
ments, 1t will be understood that they are not mtended to
limit the disclosure to these embodiments. On the contrary,
the disclosure i1s intended to cover alternatives, modifica-
tions and equivalents, which may be included within the
spirit and scope of the disclosure as defined by the appended
claims. It 1s noted that, in accordance with the standard
practice i the industry, the drawings are only used for
understanding and are not drawn to scale. Hence, the draw-
ings are not meant to limit the actual embodiments of the
present disclosure. In fact, the dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion. Wherever possible, the same reference numbers
are used 1n the drawings and the description to refer to the
same or like parts for better understanding.

The terms used 1n this specification and claims, unless
otherwise stated, generally have their ordinary meanings 1n
the art, within the context of the disclosure, and i1n the
specific context where each term 1s used. Certain terms that
are used to describe the disclosure are discussed below, or
clsewhere 1n the specification, to provide additional guid-
ance to the practitioner skilled i the art regarding the
description of the disclosure.
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In addition, in the following description and 1n the claims,
the terms “include” and “comprise” are used 1 an open-
ended fashion, and thus should be interpreted to mean
“include, but not limited to.” As used herein, the term
“and/or” includes any and all combinations of one or more °
of the associated listed 1tems.

In this document, the term “coupled” may also be termed
“electrically coupled,” and the term “‘connected” may be
termed “electrically connected,” “Coupled” and “con-
nected” may also be used to indicate that two or more
clements cooperate or interact with each other. It will be
understood that, although the terms *“first,” “second,” etc.,
may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
clement, without departing from the scope of the embodi-
ments. 20

Reference 1s made to FIG. 1. FIG. 1 1s a schematic
diagram 1illustrating a solid state lighting device 100 accord-
ing to some embodiments of the present disclosure. As
shown 1n FIG. 1, the solid state lighting device 100 includes
a lighting module 160, a lighting module 180, and a dim- 25
ming module 120 configured to adjust the luminosity of the
lighting module 160 and the lighting module 180. In some
embodiments, the dimming module 120 1ncludes a rectity-
ing circuit 122, a processing circuit 124, a driving circuit 126
and a driving circuit 128. 30

In some embodiments, an AC power source 900 provides
an mput AC voltage Vac as the electricity supply of the solid
state lighting device 100. The rectifying circuit 122 receives
the mput AC voltage Vac from the AC power source 900 and
performs rectification to convert the input AC voltage Vac to 35
a rectified voltage V1 to the processing circuit 124, the
driving circuit 126 and the driving circuit 128. The process-
ing circuit 124 receives a dimming command CMD1 and
respectively outputs control voltage signals CS1 and CS2 to
the driving circuit 126 and the driving circuit 128 according 40
to the dimming command CMD1. The dnving circuit 126
and the driving circuit 128 control the current 11 and 12 of
the lighting module 160 and the lighting module 180 respec-
tively after receiving the control voltage signals CS1 and
CS2, 1n order to adjust the luminosity of each of the lighting 45
module 160 and the lighting module 180.

Therefore, 1 the lighting module 160 and the lighting
module 180 have diflerent color temperatures, the brightness
and the color temperature of the solid state lighting device
100 may be correspondingly controlled by adjusting the 50
amplitude of the current 11 and 12 and the ratio between the
current 11 and I2. In the following paragraphs, the specific
circuit details will be explained with accompanying figures.

Reference 1s made to FIG. 2. FIG. 2 1s a schematic
diagram 1llustrating the solid state lighting device 100 55
according to some embodiments of the present disclosure.
As shown 1n FIG. 2, the rectifying circuit 122 1s electrically
coupled to the AC power source 900. The rectifying circuit
122 receives the input AC voltage Vac from the AC power
source 900 and performs rectification to convert the input 60
AC voltage Vac to the rectified voltage signal V1 For
example, the rectifying circuit 122 may be implemented by
a bridge rectifier including multiple diodes. It 1s noted that
the rectifying circuit 122 may be realized 1n various ways
and the rectifying circuit 122 in the present disclosure 1s not 65
limited to the bridge rectifier. In addition, 1n some embodi-
ments, the rectifying circuit 122 may further step down the
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iput AC voltage Vac to output the rectified voltage with
proper voltage level to supply power to the later stage
circuits.

Reference 1s made to FIG. 2. The processing circuit 124
1s electrically coupled to the rectifying circuit 122 and
configured to receive the rectified voltage signal V1 from the
rectifying circuit 122. In addition, the processing circuit 124
also recerves the dimming command CMD1 from the exter-
nal. Specifically, 1n some embodiments, the dimming com-
mand CMD1 may be a remote signal output from a remote
controller. In some other embodiments, the dimming com-
mand CMD1 may be a wall-control signal output from a
wall controller located on the wall. No matter the dimming
command CMDI1 is a remote signal or a wall-control signal,
it may be received by a corresponding signal receiving unit
and transmitted to the processing circuit 124 for the follow-
ing dimming operations performed by the solid state lighting
device 100. In addition, 1n some embodiments, the dimming
command CMD1 may include the dimming instruction of
adjusting the brightness of the light output from the solid
state lighting device 100, and the dimming instruction of
adjusting the color temperature of the light output from the
solid state lighting device 100, but the present disclosure 1s
not limited thereto. For example, in some embodiments, the
dimming command CMD1 may also include various types
of dimming instructions such as a time setting of switch or
lighting mode selections.

After recerving the dimming command CMD1 from the
external, the processing circuit 124 may correspondingly
output the control voltage signals CS1 and CS2 according to
the rectified voltage signal V1 and the dimming command
CMD1. Alternatively stated, the processing circuit 124 may
adjust and output corresponding control voltage signals CS1
and CS2 to achieve dimming for the brightness control
command or the color temperature control command accord-
ing to the dimming command CMDI1. Specifically, the
control voltage signal CS1 1s configured to control the phase
delay angle of the current I1 flowing through the lighting
module 160 and the duty cycle of the current I1. The control
voltage signal CS2 1s configured to control the phase delay
angle of the current 12 flowing through the lighting module
180 and the duty cycle of the current 12.

In some embodiments, the processing circuit 124 includes
a zero-crossing detecting unit (not shown). The zero-cross-
ing detecting unit 1s electrically coupled to the rectified
circuit 122. The zero-crossing detecting unit 1s configured to
detect the zero-crossing point of the rectified voltage V1,
such that the control voltage signals CS1 and CS2 output by
the processing circuit 124 1s synchronized with the rectified
voltage V1. Therefore, 1n each cycle, the processing circuit
124 may respectively control the phase delay angle of the
current I1 and 12, which are generated corresponding to the
rectified voltage V1 and flowing through the lighting mod-
ules 160 and 180, by the control voltage signals CS1 and
(CS2, and thus avoid the flickering of the output light resulted
from the frequency differences or the phase diflerences
between the control voltage signals CS1, CS2 and the input
AC voltage Vac or the rectified voltage V1.

As shown 1n the figure, 1n some embodiments, the driving
circuits 126 and 128 are electrically coupled to the rectifying
circuit 122. The rectifying circuit 122 1s configured to output
the rectified voltage signal V1 to the driving circuits 126 and
128, to supply power to the lighting modules 160 and 180.
It 1s noted that, 1n some embodiments, the electricity source
of the driving circuits 126 and 128 for driving the lighting
module 160 and the lighting module 180 may be indepen-




US 9,867,241 B2

S

dent from the rectified voltage signal V1, so the present
disclosure 1s not limited to the embodiments shown 1n FIG.
2.

The driving circuits 126 and 128 receive the control
voltage signals CS1 and CS2 respectively, and drive the
lighting module 160 and the lighting module 180 1n the solid
state lighting device 100 respectively according to the
control voltage signals CS1 and CS2. Specifically, as shown
in FIG. 2, 1n some embodiments, the driving circuit 126
includes a switch SW1 and multiple driving units Ul
clectrically coupled in series to each other, in which the
driving units U1 correspond to multiple light emitting diodes
D1 electrically coupled 1n series to each other in the lighting
module 160.

A first terminal of the switch SW1 1s electrically coupled
to the driving unit U1, and a second terminal of the switch.
SW1 1s electrically coupled to a ground terminal, and a
control terminal of the switch SW1 1s electrically coupled to
the processing circuit 124 and configured to receive the
control voltage signal CS1 to drive the lighting module 160.
When the control voltage signal CS1 1s at a first level (e.g.,
high level), the switch SW1 1s turned ON such that the
current I1 flows through the light emitting diodes D1 1n the
lighting module 160. On the other hand, when the control
voltage signal CS1 1s at a second level (e.g., low level), the
switch SW1 1s turned OFF such that the current flowing
through the light emitting diodes D1 1n the lighting module
160 1s zero. Alternatively stated, the switch SW1 1s selec-
tively turned ON or OFF according to the control voltage
signal CS1 to control the current I1 flowing through the
lighting module 160. Therefore, by properly controlling the
duty cycle of the control voltage signal CS1, the amplitude
of the current I1 may be controlled and thus the luminosity
of the lighting module 160 1s further controlled.

Similar to the driving module 126, the driving module 128
includes a switch SW2 and multiple driving units U2
clectrically coupled in series to each other, in which the
driving units U2 correspond to multiple light emitting diodes
D2 electrically coupled in series to each other 1n the lighting
module 180.

A first terminal of the switch SW2 1s electrically coupled
to the driving unit U2, and a second terminal of the switch.
SW2 1s electrically coupled to a ground terminal, and a
control terminal of the switch SW2 1s electrically coupled to
the processing circuit 124 and configured to receive the
control voltage signal CS2 to drive the lighting module 180.
Therefore, by properly controlling the duty cycle or the
voltage level of the control voltage signal CS2, the ampli-
tude of the current 12 may be controlled and thus the
luminosity of the lighting module 180 1s turther controlled.
The detailed operation of the driving unit 128 1s similar to
the operation of the driving unit 126, and thus further
explanations are omitted herein for the sake of brevity.

For the ease of explanation, 1n the following paragraphs,
the operation of the control voltage signals CS1 and CS2
controlling the phase delay angle and the duty cycle of the
current 11 and 12 flowing through the lighting modules 160
and 180 will be discussed 1n accompanied with FIGS.
3A-3D. Reference 1s made to FIGS. 3A-3D. FIGS. 3A-3D
are wavelorm diagrams illustrating the relationship of the
current I1 and the control voltage signal CS1 according to
some embodiments of the present disclosure. It 1s noted that,
wavelorm diagrams of the current 12 flowing through the
lighting module 180 and the control voltage signal CS2 are
similar to the wavelorm diagrams of the current I1 and the
control voltage signal CS1, and thus are omitted herein for
the sake of brevity.
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As shown in FIGS. 3A-3D, when the control voltage
signal CS1 1s at the low level, the switch SW1 1s turned OFF
such that the current 11 1s zero, and when the control voltage
signal CS1 1s at the high level, the switch SW1 1s turned ON
such that the current I1 1s proportional to the rectified
voltage V1. Since the rectified voltage V1 1s obtained by
performing a full-wave rectification to the input AC voltage
Vac, the rectified voltage V1 1s the upper hall of the
sinusoidal wave 1n each cycle.

As shown i FIG. 3A, when the control voltage signal
CS1 1s ON continuously, the waveform of the current I1 1s
the upper half of the sinusoidal wave in each cycle. In this
situation, the current I1 has the largest average value. As
shown 1n FIGS. 3B and 3C, when the control voltage signal
CS1 1s ON after a phase delay angle d1 1n each cycle, the
current 11 flowing through the lighting module 160 has the
corresponding phase delay angle d1. By properly controlling
the value of the phase delay angle d1, the average value of
the current I1 may be adjusted, and the luminosity of the
lighting module 160 1s further adjusted. For example, 1n
some embodiments, as shown 1n FIG. 3B, when the control
voltage signal CS1 1s ON afiter the phase delay angle d1, the
average value of the current 11 1s about 75% of the largest
average value. As shown i FIG. 3C, when the control
voltage signal CS1 1s ON after the phase delay angle d2
(e.g., about 90 degrees), the average value of the current I1
1s about 50% of the largest average value. Alternatively
stated, when the control voltage signal CS1 delays the phase
delay angle d2, the switch SW1 1s ON in half time and 1s

OFF 1n the other half in a complete cycle, and thus the
average value 1s half of the largest average value.

As shown 1n FIG. 3D, in some embodiments, to prevent
the phase delay angle being too large and resulting in
unstable characteristics of the supplying current, the control
voltage signal CS1 may be fixed at the phase delay angle d2,
and adjust the duty cycle of the control voltage signal CS1
in the turned-on period, so as to further reduce the average
value of the current I1 with pulse width modulation (PWM).
For example, 1n FIG. 3D, the control voltage signal CS1 1s
turned ON after delaying the phase delay angle d2 (e.g.,

about 90 degrees), and keep the duty cycle at about 50%.
Therefore, 1n a complete cycle, only a quarter of the time the
switch SW1 1s turned ON and thus the average value 1s 25%
of the largest average value. It 1s noted that, the duty cycle
shown 1n the FIG. 3D 1s merely for the exemplary purpose
and not meant to limit the present disclosure. In some
embodiments, the duty cycle of the control voltage signal
CS1 may be adjusted by the processing circuit 124 so as to
control the average value of the current I1.

Alternatively stated, when the luminosity of the lighting
module 160 1s configured to be larger than a critical lumi-
nosity value, the control voltage signal CS1 1s configured to
control the phase delay angle of the current I1 to adjust the
luminosity of the lighting module 160 by adjusting the
average value of the current I1 When the luminosity of the
lighting module 160 1s configured to be smaller than the
critical luminosity value, the control voltage signal CS1 1s
configured to control the phase delay angle fixed at a critical
angle (e.g., about 90 degrees) and the duty cycle of the
control voltage signal CS1 1s controlled to adjust the lumi-
nosity of the lighting module 160 by adjusting the average
value of the current I1.

It 1s noted that although the critical angle 1s configured to
90 degrees, but 1t 1s merely for the exemplary purpose and
not meant to limit the present disclosure. In various embodi-
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ments, the critical angle of the phase delay angle or the
critical luminosity value may be adjusted based on practical
needs.

Therefore, the processing circuit 124 may output the
control voltage signals CS1 and CS2 to the driving circuits
126 and 128 to adjust the current I1 and 12 respectively, and
thus adjust the brightness and the color temperature of the
light output by the solid state lighting device 100.

Specifically, in some embodiments, the lighting module
160 and the lighting module 180 may have different color
temperatures. For example, the color temperature of the
lighting module 160 may be a warm color temperature, such
as about 3000K, and the color temperature of the lighting
module 180 may be a cold color temperature, such as about
6000K, but the present disclosure 1s not limited thereto. One
skilled 1n the art may choose various LEDs to design the
lighting module 160 and the lighting module 180 with
different color temperatures respectively based on practical
needs.

Therefore, the processing circuit 124 may adjust the
control voltage signals CS1 and CS2 according to the types
and the mnstructions of the dimming command CMD1, so as
to adjust the luminosity of each of the lighting module 160
and the lighting module 180 having different color tempera-
tures respectively by adjusting the control voltage signals
CS1 and CS2 correspondingly. For example, the lighting
module 160 has a first luminosity controlled by the current
I1, and the lighting module 180 has a second luminosity
controlled by the current 12. The processing circuit 124 may
adjust the control voltage signals CS1 and CS2 to control the
ratio between the current 11 and the current 12, and thus
control the ratio between the first luminosity and the second
luminosity, so as to control the color temperature of the
mixed light output by the lighting module 160 and the
lighting module 180 1n the solid state lighting device 100. In
addition, the processing circuit 124 may adjust the control
voltage signals CS1 and CS2 to control the average value of
the current I1 and the current 12 respectively, and thus
control the first luminosity and the second luminosity
respectively, so as to control the brightness of the mixed
light output by the lighting module 160 and the lighting
module 180 in the solid state lighting device 100.

For example, the processing circuit 124 may increase the
luminosity of the lighting module 160 (e.g., warm light
source with lower color temperature) and reduce the lumi-
nosity of the lighting module 180 (e.g., cold light source
with higher color temperature) to reduce the color tempera-
ture of the light output by the solid state device 100 and give
a warmer light. On the other hand, the processing circuit 124
may also reduce the luminosity of the lighting module 160
(e.g., warm light source with lower color temperature) and
increase the luminosity of the lighting module 180 (e.g., cold
light source with higher color temperature) to increase the
color temperature of the light output by the solid state device
100 and give a cooler light.

For the ease of explanation, 1n the following paragraphs,
the operation of the processing circuit 124 adjusting the
brightness and the color temperature of the solid state
lighting device 100 will be discussed 1n accompanied with
FIGS. 4A-4C, FIGS. 5A-5C, and FIGS. 6A-6C. In the
present embodiment, the color temperature of the lighting
module 160 1s about 3000K, and the color temperature of the
lighting module 180 1s about 6000K.

Reference 1s made to FIGS. 4A-4C. FIGS. 4A-4C are
wavelorm diagrams illustrating the current 11 and the cur-
rent 12 according to some embodiments of the present
disclosure. In some embodiments, 1n FIGS. 4A-4C, the
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wavelorm of the current I1 and current 12 of the solid state
lighting device 100 with different brightness outputs when
outputting a warm light with the color temperature of about
3000K are 1illustrated. As shown 1n the figure, to keep the
color temperature of the output of the solid state lighting
device 100 at about 3000K, the processing circuit 124
controls the current 12 flowing thorough the lighting module
180 to be zero. Alternatively stated, the output light of the
solid state lighting device 100 1s all provided by the lighting
module 160. In addition, the processing circuit 124 controls
the average value of the current I1 flowing through the
lighting module 160 to adjust the brightness of the output of
the solid state lighting device 100.

As shown 1 FIG. 4A, when the brightness of the output
1s 100%, the processing circuit 124 outputs the control
voltage signal CS1 as 1llustrated 1n the FIG. 3A, such that the
control voltage signal CS1 1s continuously ON. At this time,
the current I1 has the largest average value, and the wave-
form of the current I1 is the upper half of the sinusoidal wave
in each cycle.

As shown 1n FIG. 4B, when the brightness of the output
1s 50%, the processing circuit 124 outputs the control
voltage signal CS1 as illustrated 1n the FI1G. 3C, such that the
current I1 1s ON after the phase delay angle d2 (e.g., about
90 degrees). Thus, the average value of the current 11 1s 50%
of the largest average value, and the brightness of the output
1s also about 50%.

As shown i FIG. 4C, when the brightness of the output
1s 25%, the processing circuit 124 outputs the control
voltage signal CS1 as 1llustrated 1n the FIG. 3D, such that the
current I1 1s ON after the phase delay angle d2 (e.g., about
90 degrees), and keep the duty cycle at about 50% Thus, the
average value of the current 11 1s 25% of the largest average
value, and the brightness of the output 1s also about 25%.

Reference 1s made to FIGS. 5A-50. FIGS. 5A-5C are
wavelorm diagrams illustrating the current I1 and the cur-
rent 12 according to some embodiments of the present
disclosure. In some embodiments, 1n FIGS. 5A-5C, the
wavelorm of the current I1 and current 12 of the solid state
lighting device 100 with different brightness outputs when
outputting a cool light with the color temperature of about
6000K are illustrated. Similar to the FIGS. 4A-4C, to keep
the color temperature of the output of the solid state lighting
device 100 at about 6000K, the processing circuit 124
controls the current I1 flowing thorough the lighting module
160 to be zero. Alternatively stated, the output light of the
solid state lighting device 100 1s all provided by the lighting
module 180. In addition, the processing circuit 124 controls
the average value of the current 12 flowing through the
lighting module 180 to adjust the brightness of the output of
the solid state lighting device 100.

As shown 1n FIG. 5A, when the brightness of the output
1s 100%, the processing circuit 124 outputs the control
voltage signal CS2, such that the waveform of the current 12
1s the upper half of the sinusoidal wave 1n each cycle. As
shown 1n FIG. 5B, when the brightness of the output 1s 50%,
the processing circuit 124 outputs the corresponding control
voltage signal CS2, such that the current 12 1s ON after the
phase delay angle d2 (e.g., about 90 degrees). As shown in
FIG. 4C, when the brightness of the output 15 23%, the
processing circuit 124 outputs the corresponding control
voltage signal CS2, such that the current 12 1s ON after the
phase delay angle d2 (e.g., about 90 degrees), and keep the
duty cycle at about 50%.

Alternatively stated, compared to FIG. 4A, the average
value of the current 12 in FIG. 5A 1s the same as the average
value of the current I1 in FIG. 4A, so the brightness of the
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output 1s both about 100%, 1n which the solid state lighting
device 100 1n FIG. 4A outputs a warm light with the color
temperature of about 3000K, while the solid state lighting
device 100 in FIG. SA outputs a cool light with the color
temperature of about 6000K. Similarly, 1n both FIG. 4B and
FIG. 5B, the brightness of the output 1s both about 50%. In
both FIG. 4C and FIG. 3C, the brightness of the output 1s
both about 25%.

Reference 1s made to FIGS. 6A-6C. FIGS. 6A-6C are
wavelorm diagrams illustrating the current 11 and the cur-
rent 12 according to some embodiments of the present
disclosure. In some embodiments, 1n FIGS. 6A-6C, the
wavelorm of the current I1 and current 12 of the solid state
lighting device 100 with different brightness outputs when

outputting a mixed light with the color temperature within
about 3000k-6000K are 1llustrated.

Compared to the FIGS. 4A-4C and FIGS. 5A-5C, 1 the
FIGS. 6 A-6C, the average values of current 11 and 12 are not
zero. Alternatively stated, the output light of the solid state
lighting device 100 1s mixed and obtained by the warm light
with the color temperature of about 3000K and the cool light
with the color temperature of about 6000K respectively
output by the lighting modules 160 and 180. Therefore, the
color temperature of the overall output light 1s the neutral
color temperature within about 3000k-6000K. In some
embodiments, by adjusting the ratio of the current I1 and 12
properly, the output color temperature of the solid state
lighting device 100 may be controlled. In some embodi-
ments, the current I1 and 12 illustrated in the FIGS. 6 A-6C
are the current waveform flowing through the lighting
module 160 and 180 when the solid state lighting device 100
outputs light with the neutral color temperature (e.g.,
4500K).

As shown 1 FIG. 6A, when the brightness of the output
1s 100%, the processing circuit 124 outputs the correspond-
ing control voltage signal CS1 and (CS2, such that the
wavelorm of the current I1 and 12 1s ON after the phase
delay angle d2 (e.g., about 90 degrees). Therefore, the
average value of the current 11 and 12 1s about 50% of the
largest average value, and thus the brightness of the output
for each of the lighting module 160 and 180 1s also about
50%. After the additive mixing of the light output by the
lighting module 160 and 180, the overall output brightness
of the solid state lighting device 100 1s 100%, and the output
color temperature 1s the neutral color temperature.

As shown 1n FIG. 6B, when the brightness of the output
1s 50%, the processing circuit 124 outputs the corresponding
control Voltage signal CS1 and CS2, such that the current 11
and 12 1s ON after the phase delay angle d2 (e.g., about 90
degrees), and keep the duty cycle at about 50%. Therelore,
the average value of the current I1 and 12 1s about 25% of
the largest average value, and thus the brightness of the
output for each of the lighting module 160 and 180 1s also
about 25%. After the additive mixing of the light output by
the lighting module 160 and 180, the overall output bright-
ness of the solid state lighting device 100 1s 50%, and the
output color temperature 1s the neutral color temperature.

Similarly, as shown 1n FIG. 6C, when the brightness of the
output 1s 25%, the processing circuit 124 outputs the cor-
responding control voltage signal CS1 and CS2, such that
the current 11 and 12 1s ON after the phase delay angle d2
(e.g., about 90 degrees), and keep the duty cycle at about
25%. Theretfore, the average value of the current 11 and 12
1s about 12.5% of the largest average value, and thus the
brightness of the output for each of the lighting module 160
and 180 1s also about 12.5%. After the additive mixing of the
light output by the lighting module 160 and 180, the overall
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output brightness of the solid state lighting device 100 1s
25%, and the output color temperature 1s the neutral color
temperature.

It 1s noted that, 1n some embodiments, the average value
of and the ratio between current 11 and 12 may be freely
adjusted so as to control the brightness and the color
temperature of the light output by the solid state lighting
device 100 according to the dimming command CMD1. The
current waveforms illustrated 1n FIGS. 4A-6C and corre-
sponding color temperature and brightness in the above
embodiments are merely examples and not meant to limat
the present disclosure. Accordingly, by controlling the cur-
rent of the lighting modules 160 and 180 with the phase
delay angles and the duty cycles at the same time, the
brightness output by the lighting modules 160 and 180 may
maintain stable, and the tlickering 1ssues resulting from the
phase delay angle being too large 1s avoided.

In addition, 1n some embodiments, the solid state lighting
device 100 may further include three or more sets of driving
circuits and lighting modules, which are driven by corre-
sponding control voltage signal, to further adjust the bright-
ness, the color temperature or diflferent lighting modes of the
output of the solid state lighting module 100. Accordingly,
the above embodiments are merely examples, such that the
actual numbers of the driving circuits, lighting modules, and
the LEDs 1n the lighting modules 1n the solid state lighting
device 100, the degrees of the phase delay angles (e.g., the
time of the trigger delay period), and the duty cycles may be
designed based on the practical needs, and the present
disclosure 1s not limited thereto.

It 1s noted that the switches SW1 and SW2, the rectilying
circuit 122, and the LEDs 1n the lighting modules 160 and
180 1n the above embodiments may be implemented 1in
various ways. For example, the switches SW1 and SW2 may
be realized by Bipolar Junction Transistors (BJTs), Metal-
Oxide-Semiconductor Field-Effect Transistors (MOSFETS)
or other proper semiconductor elements.

In addition, in some embodiments, the processing circuit
124 may be realized by a Microcontroller Unit (MCU) 1n
implementation, or by various ways such as a Digital Signal
Processor (DSP), a Field-programmable gate array (FPGA),
etc.

In summary, 1n the present disclosure, by applying above-
mentioned embodiments, the dimming of the solid state
lighting device 1s achieved by controlling the phase delay
angle and the duty cycle of the current. Thus, the conve-
nience and the stability of dimming control are improved,
and the adjustment of the brightness and the color tempera-
ture for the solid state lighting device 1s simplified.

Although the disclosure has been described 1n consider-
able detail with reference to certain embodiments thereof, it
will be understood that the embodiments are not intended to
limit the disclosure. It will be apparent to those skilled 1n the
art that various modifications and variations can be made to
the structure of the present disclosure without departing
from the scope or spirit of the disclosure. In view of the
foregoing, it 1s mtended that the present disclosure cover
modifications and variations of this disclosure provided they
tall within the scope of the following claims.

What 1s claimed 1s:

1. A dimming module, comprising:

a rectifying circuit, configured to convert an ac voltage to

a rectified voltage;

a first driving circuit, configured to receive the rectified
voltage to provide a first current to drive a first lighting
module, wherein the first driving circuit comprises a
first switch, and the first switch 1s configured to be on
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or oil according to a first control voltage signal selec-
tively to control the first current; and

a processing circuit, configured to receive a dimming
command and adjust the first control voltage signal
according to the dimming command, wherein the first
control voltage signal 1s configured to control a phase
delay angle of the first current and a duty cycle of the
first current;

wherein the processing circuit comprises:

a zero-crossing detecting unit, electrically coupled to the
rectifying circuit and configured to detect a zero cross-
ing point of the rectified voltage, such that the first
control voltage signal output by the processing circuit
1s synchronized with the rectified voltage.

2. The dimming module of claim 1, wherein when the
luminosity of the first lighting module 1s configured to be
larger than a critical luminosity value, the first control
voltage signal 1s configured to control the phase delay angle
of the first current to adjust the luminosity of the first
lighting module, and when the luminosity of the first lighting
module 1s configured to be smaller than the critical lumi-
nosity value, the first control voltage signal 1s configured to
control the phase delay angle fixed at a critical angle and
control the duty cycle to adjust the luminosity of the first
lighting module.

3. The dimming module of claim 1, further comprising:

a second driving circuit, configured to receive the rectified
voltage to provide a second current to drive a second
lighting module, and control the second current accord-
ing to a second control voltage signal, wherein the first
lighting module comprises a first color temperature,
and the second lighting module comprises a second
color temperature different from the first color tem-
perature;

wherein the processing circuit 1s further configured to
adjust the second control voltage signal according to
the dimming command, and the second control voltage
signal 1s configured to control the phase delay angle of
the second current and the duty cycle of the second
current.

4. The dimming module of claim 3, wherein the process-
ing circuit 1s configured to control the color temperature of
the mixed light output by the first lighting module and the
second lighting module by adjusting the first control voltage
signal and the second control voltage signal to control the
ratio between the first current and the second current, and
control the brightness of the mixed light output by the first
lighting module and the second lighting module by adjusting
the first control voltage signal and the second control voltage
signal to respectively control an average value of the first
current and of the second current.

5. A solid state lighting device, comprising:

a first lighting module comprising a first color tempera-

ture;

a second lighting module comprising a second color
temperature diflerent from the first color temperature;

a first driving circuit configured to provide a first current
to drive the first lighting module according to a first
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control voltage signal, wherein the first current 1s
configured to control a first luminosity of the first
lighting module;

a second driving circuit configured to provide a second
current to drive the second lighting module according,
to a second control voltage signal, wherein the second
current 1s configured to control a second luminosity of
the second lighting module;

a processing circuit, configured to receive a dimming
command and adjust the first control voltage signal and
the second control voltage signal according to the
dimming command, wherein when the first luminosity
and the second luminosity are configured to be larger
than a critical luminosity value, the first control voltage
signal and the second control voltage signal are con-
figured to control a phase delay angle of the first current
and of the second current respectively to adjust the first
luminosity and the second luminosity; and

a rectitying circuit, configured to convert an AC voltage
to a rectified voltage;

wherein the processing circuit comprises a zero-crossing
detecting unit electrically coupled to the rectifying
circuit and configured to detect a zero crossing point of
the rectified voltage, such that the first control voltage
signal output by the processing circuit 1s synchronized
with the rectified voltage;

wherein the first dniving circuit and the second driving
circuit are electrically coupled to the rectifying circuit
and configured to receive the rectified voltage to pro-
vide the first current and the second current respec-
tively.

6. The solid state lighting device of claim 5, wherein the
first driving circuit comprises a first switch such that the first
switch 1s selectively turned on or turned ofl according to the
first control voltage signal so as to control the first current,
and the second driving circuit comprises a second switch
such that the second switch 1s selectively turned on or turned
ofl according to the second control voltage signal so as to
control the second current.

7. The solid state lighting device of claim 5, wherein when
the first luminosity and the second luminosity are configured
to be smaller than the critical luminosity value, the first
control voltage signal and the second control voltage signal
are configured to control the phase delay angle of the first
current and the second current fixed at a critical angle and
control a duty cycle of the first current and the second
current to adjust the first luminosity and the second lumi-
nosity.

8. The solid state lighting device of claim 5, wherein the
processing circuit 1s configured to control the value of the
first luminosity and the second luminosity by adjusting the
first control voltage signal and the second control voltage
signal to control the brightness of the solid state lighting
device, and control the ratio between the first luminosity and
the second luminosity to control the color temperature of the
solid state lighting device.
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